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(54) DEHUMIDIFYING AIR CONDITIONER 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an energy-savmg and 
compact dehumidifying air conditioner. 

SOLUTION: This dehumidifying air conditioner has a treated air line 
and a regenerated air line and further a heat exchanger between the 
tr ated air with moisture adsorbed and the air to be regenerated 
bef re being dehumidified by a desiccant and heated by a heating 
s urce. The desiccant is not deliquescent and the maximunrt value of 
th differentiated heat of adsorption when the moisture of ≥20% of 
th maximum adsorption amount is adsorbed, is &le:1.1 times as high 
as the heat of condensation of water. Further, when the relative 
adsorption amount obtd. by defining the maximum adsorption amount 
at 90% relative humidity as the denominator and the adsorption 
amount as the numerator is denoted by X, the relative humidity by P 
and the isotherm separation factor by R. and the function shown by 
X=R/(R+P~R.P) is used, the adsorption isotherm exhibiting the 
absorption characteristics of the desiccant lies in the area enclosed 
b tween the X-P curve at R=0.2 and the X-P curve at R=2.5 in the 
r lative humidity range of 30% to 70%. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This d cum nt has been translated by computer.So the translation may not refl ct the riginal pr cisely. 

2. **** shows the word which can n t be translat d. 
3.ln the drawings, any w rds are n t translat d. 



CLAIMS 



[Claim(s)] 

[Claim 1] The path of processing air in which moisture is adsorbed by DESHIKANTO. It is a heat exchanger between 
repr duction air before being heated by before the processing air which passes DESHIKANTO after the 
aforementioned water adsorption and has the path of the reproduction air which carries out the desorption of the 
moisture in DESHIKANTO, and is reproduced after being heated by the source of heating and by which moisture was 
adsorbed, and DESHIKANTO reproduction, and the source of heating. It is the dehumidiftcation air conditioner 
quipped with the ak>ove, and there is no deliquescence as DESHIKANTO. The adsorption isotherm which the 
maximum of the differential heat of adsorption at the time of adsorbing 20% or more of moisture of the maximum 
amount of adsorption is 1 .1 or less times of the heat of condensation of water, and shows the adsorption property of 
DESHIKANTO and by 70% of within the limits from 30% of relative humidity P and a constant-temperature-line 
s paration factor are set to R for relative humidity by being set the relative amount of adsorption which makes a 
denominator the maximum amount of adsorption at the time of 90% of relative humidity, and defines the amount of 
ads rptlon as a molecule to X. It is characterized by using DESHIKANTO which exists within limits surrounded by th 
X-P curve obtained as a constant-temperature-line separation factor R= 0.2, and the X-P curve obtained as a 
constant-temperature-line separation factor R= 2.5 using the function expressed with formula X=P/(R+P-R-P). 
[Claim 2] The dehumidiftcation air conditioner according to claim 1 characterized by using an alumina bridge formation 
clay porous body for DESHIKANTO. 

[Claim 3] The aforementioned alumina bridge formation clay porous body is a dehumidlfication air conditioner 
according to claim 2 characterized by exchanging the convertibility cation between stratified silicate layers by the 
polynuclear metal hydroxyl ion containing aluminum, and carrying out heating dehydration of this. 
[Claim 4] The dehumidlfication air conditioner according to claim 3 characterized by the aforementioned stratified 
silicate being nature or a synthetic smectite. 

[Claim 5] The dehumidlfication air conditioner according to claim 1 characterized by using structure-like activated 
carb n for DESHIKANTO. 

[Claim 6] The aforementioned structure-like activated carbon is a dehumidification air conditioner according to claim 
5 which carries out carbonization processing of the polyvinyl formal, and is characterized by being what is obtained by 
carrying out activation at the temperature of 850 degrees C or less. 

[Claim 7] The dehumidification air conditioner according to claim 1 characterized by using a porosity aluminium 
phosphate (molecular sieve) for DESHIKANTO. 

[Claim 8] A porosity aluminium phosphate (molecular sieve) is a dehumidification air conditioner according to claim 7 
characterized by being the matter which a hydrated alumina and a phosphoric acid are made to react using a thermal 
diss ctation nature template agent, and is obtained. 

[Claim 9] The dehumidification air conditioner according to claim 1 to 8 characterized by heating reproduction air at 
75 d grees C or less, and reproducing DESHIKANTO. 

[Claim 10] The dehumidification air conditioner according to claim 9 characterized by cooling the processing air which 
carried out the heat exchange to the reproduction air after water adsorption in the source of the low fever of heat 
pump, and heating the reproduction air before DESHIKANTO reproduction in the source of high temperature of heat 
pump. . 
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DETAILED DESCRIPTION 



tD tailed Description of the Invention] 

[Th^ ^technical field to which invention belongs] this invention relates to the dehumidification air conditioner which 

nabled it to regenerate continuously DESHIKANTO with the reproduction air which started the dehumidification air 
c nditioner. especially was heated by the adsorption treatment and the source of heating of moisture by 
DESHIKANTO. 
[0002] 

[Description of the Prior Art] Drawing 1 6 is the conventional technology, this The processing air path A and the 
reproduction air path B The DESHIKANTO rotor 103. two sensible-heat exchangers 104,121, and heaters 220. 
Processing air is dehumidified by the DESHIKANTO rotor 103 by using a humidifier 105 as the main configuration 
equipment After carrying out the heat exchange of the processing air which carried out the temperature nse to 
reproduction air by the Ist sensible-heat exchanger 104 and cooling with the water adsorption heat of DESHIKANTO. 
while humidifying with a humidifier and supplying air-conditioning space After taking in reproduction air from outer 
space (OA), carrying out a heat exchange to processing air and carrying out a temperature rise by the sensible-heat 

xchanger 104 of the above 1st, It heated by the source 200 of heating with the heater 220, relative humidity was 
lowered the DESHIKANTO rotor 103 was passed, and desorption reproduction of the moisture of the DESHIKANTO 
r tor 103 was carried out After carrying out the heat exchange and collecting further by the reproduction air before 
heating a part for the sensible heat of the reproduction air after reproduction, and the 2nd sensible-heat exchanger 
121 , it constituted from this conventional example so that it might emit outside (EX). ^amt/^ 
[0003] Such technology has high practical use value as technology which is called so-called l^ESHIKANTO 
air-conditioning and can control the humidity of air-conditioning space. Although it is known as DESHIKANTO used f r 
such DESHIKANTO air--conditioning that silica gel and a zeolite will be used, it is a conversion zeolite, and is classifi d 
into Type 1 of bull NAUA. and it is known that an isothermal separation factor (separation factor) is the the best for 
th DESHIKANTO air-conditioning machine with which the thing of the range of 0.07-0.5 heats reproduction air by 
c mbustion gas. Moreover, under the environment of high humidity, although the lithium chloride might be used for m 
th past as moisture absorption matter, since there is deliquescence and there is a feult which drops out of Rota, it is 
n longer used gradually. 

[Problem(s) to be Solved by the Invention] in the above Prior arts, it is known for the DESHIKANTO air-conditioning 
machine which heats reproduction air by combustion gas that it is optimal to have 101 degrees C (215 degrees F) or 
the adsorption property by which an isothermal separation factor (separation factor) is shown by the adsorption 
is therm of the range of 0.07-0.5 as 143 degrees C (290 degrees F) are made suitable, a zeolite is suitable as suitabi 
DESHIKANTO for such reproduction temperature and it is shown especially in drawing 1 7 as for the reproduction 
t mperature which is DESHIKANTO However, since the direction made into 65-75 degrees C has many heat sources 
which can be used as for reproduction temperature when it is going to use various exhaust heat and solar heat as a 
r production heat source of DESHIKANTO. although it is easy to put in practical use. in such a case, the 
afor mentioned zeolite is not necessarily the optimal. ^ • xi. r im. 

[0005] Drawing 17 is used for below and a reason is explained to it Drawing 17 is the adsorption isotherm of a zeolit . 
When using the open air for DESHIKANTO air-conditioning as reproduction air, generally in a summer, the absolute 
humidity assumes kg in about 21 g /by this contractor that is in charge of an air-conditioning design. If such air is 
heated [ aforementioned ] to 101 degrees 0, the relative humidity will become about 3.0%. On the other hand, the 
r lative humidity of the processing air adsorbed has the dry-bulb temperature of 27 degrees 0, and the cornmon 
wet-bulb temperature of 19 degrees C from the indoor conditions specified in the JIS-C961 2 grade of an air 
conditioner, and the relative humidity at that time is about 50%. DESHIKANTO contacts between 50% of processing air. 
and 3.0% of processing air by turns in this way. ^. x x d- m 

[0006] Reproduction air is contacted, and it considers as the constant-temperature-line separation factor R- U.l 
using the function expressed with formula X=P/(R+P-R-P). and as shown in drawing 17 , if the moisture content of 
the zeolite when balancing is calculated as P= 0.030 when relative humidity is 3.0%. it will be set to X= 0.236. On the 
other hand the processing air from the interior of a room is contacted, and similariy, if moisture content of the zeolite 
when balancing is used as the constant-temperature-line separation factor R= 0.1 and is calculated as P=0^. it w 
be set to X= 0.910. Therefore, when heating reproduction air to 101 degrees C using a zeolite, in DESHIKANTO, the 
adsorption and desorption of the moisture of the value which multiplied 0.910-0.236=0.674 which are the difference of 
th r lative amount of adsorption by the maximum amount f adsorpti n can be carried ut 
[0007] When an adsorption isoth rm uses a material with a lin ar (isothermal s paration factor R= 1) prop rty lik 
silica gel, as well as th differenc of relative humidity, th differ nee f the amount of adsorpti n and desorption is 
set to 0.500-0.030=0.470. and stops by 0.470 times the maximum amount of adsorption. Moreover, sine a water vapor 
pr ssure cannot go up easily, th driving f rce of adsorption is maintain d and a rat of adsorption can be mad high, 
ven if it adsorbs moistur , so that diff r ntial c fficient dP/dX which shows th ratio of variation deltaP f r lative 
humidity to variation deltaX of th amount of adsorption and d sorption is small, when a horizontal axis is set as 
relative humidity, a vertical axis is s t as r lativ moistur cont nt and it s s. th convex configuration of an 
adsorpti n isotherm is advantageous. Th r fore, in this exampi . th z olit is mor advantageous. Thus. Iik 101 
degrees C reproduction temperature was indicat d to b in th c nventional xample. when high, it was advantag us 
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to hav used a ze lite. How ver. if it calculates at reproduction temperatur f 65-75 d grees C to which this 
invention targets the diff rence of the same adsorption and d sorption, results differ. ^ ^. , ^. 

[0008] That is, if reproduction air with an absolute humidity of 21 g [/kg ] is heat d to 70 d grees C, the relative 
humidity will become 10.6%. Therefore, reproduction air is contact d. and if th moistur content of the zeolite wh n 
balancSig is calculat d as P= 0.106 when relative humidity is 10.6%, it will be set to X= 0.532. On the other hand, the 
pr cessing air from the int ri r of a r om is contacted and if the m istur content of the zeolit when balancing is 
the same as the above and is calculat d as P= 0.5. it will be set to X= 0.910. Ther f re. when heating reproduction a.r 
t 70 d grees C using a zeolite, in DESHIKANTO. both difference is tak n and the adsorpti n and desorpti n of ne 
0 378 times the moisture of 0.910-0.532=0.378. i.e.. the maximum amount of adsorption, can be earned out Moreover, 
the effect that the curve which connects an adsorption start point and the point of an end has small 
section, does not have a linear straight line and linear great difference, and makes a rate of adsorption high hardly 
changes with the case of being linear. . r ^ o- <\ ri. 

[0009] When an adsorption isotherm uses a material with a linear (isothenmal separation factor R- i; property like 
' silica gel as well as the difference of relative humidity, the difference of the amount of adsorption and desorption is 
s t to 0 5-0 106=0 394 can perform 0.394 times as much adsorption and desorption as the maximum amount of 
ads rotion and exceeds 0.378 of the aforementioned zeolite. Moreover, since the maximum amount of adsorption has 
m r silica gel than a zeolite therefore, it becomes more advantageous [ DESHIKANTO like the silica gel which had a 
n ar adsorption isotherm in DESHIKANTO air-conditioning with a reproduction temperature of 65-75 degrees C more 
n arly lineariy than a zeolite ]. as indicated by well-known reference (for example, the practical use design of 
dehumidification for an air-conditioning engineer. Kyoritsu shuppan Co.. Ltd.. Showa 55. Chapter 4, drawing 4 .1} 
How V r. a zeolite and silica gel have a fault resulting from a common heat of adsorption. A reason is explained below. 

[0010] Drawing 18 is what showed the cycle with the configuration shown in drawing 1 6 of DESHIKANTO 
air-conditioning on the psychrometric chart Process when a drawing solid line has a large heat of adsorption is 
shown, and process when the heat of adsorption of a dotted line is small (close to the condensation latent heat of 
wat r) is shown. Each state of the air in drawing 1 6 when alphabet sign K-V has a large heat of adsorption is shown, 
and U - V shows each state of the air in drawing 16 when a heat of adsorption is small. ^ . . * , n a 

[001 1] If drawing 18 explains processing air and reproduction air condition change, moisture is adsorbed ^stete U. ana 
by th 1 St sensibte-heat exchanger 1 04. a heat exchange will be carried out to reproduction air (state Q). it will be 
cool d by the DESHIKANTO rotor 103 (state M). and processing air (state K) will be humidified with a humidifier 105. 
and will return to the aii-conditioning (state P) space 1 01 . On the other hand, reproduction air takes in the open air 
(stat Q). by the 1 St sensible-heat exchanger 104. carries out a heat exchange to processing air ^^^te U. is heated 
(stat R). further, the heat exchange of it is earned out it is heated by the reproduction air after DESHIKANTO 
r^r duciion (state U). and the 2nd sensible-heat exchanger 121. (state S). is heated in a heater 220 by the source of 
h ating (state T), and reproduces the DESHIKANTO rotor 103 after **. By the sensible-heat exchanger 121 of the 
above 2nd. the reproduction air (state U) which reproduced DESHIKANTO carries out a heat exchange to the 
reproduction air which came out of the 1 st sensible-heat exchanger 1 04. and heat recovery is earned out (state V;. 
and it is thrown away outside as exhaust air after **. . ^ ... .... x -FoIi 

[0012] In DESHIKANTO air-conditioning which forms such a cycle, there is an inclination for a perfonmance to rail, so 
that a heat of adsorption is large. A formula is used and explained below. When the water adsorption process on the 
psychrometric chart of drawing 18 (state K-L, U) has a heat of adsorption equal to the heat of condensation of water 
(state K-L'), the following formula consists of heat balance. , . * r / **T-r-«/o**PJ (- 

As for delta X-R=delta T-Cp. therefore this process, inclination is shown by the segment of **X / ^^l-op/K'i^^oi 
regularity) (it is here, and R is the condensation latent heat of water and Cp is the specific heat at constant pressure 
of air) On the other hand, when there is a heat of adsorption (state K-L). inclination is similariy shown by the segment 
of **X / **T=Cp/H**Cs (= regularity) (it is here and H is a heat of adsorption). Usually, since it is the . ^ . ^ . 
h at- f^adsorption H> heat of condensation R, compared with process in which the adsorption process with a heat of 
adsorption does not have a heat of adsorption, the inclination of a segment approaches horizontally. 
[0013] Here it compares [ case / where there is nothing (when larger than the heat of condensation) / the case 
wher there is a heat of adsorption about the DESHIKANTO cycle of drawing 18 . and ] about the air conditioning 

ff ct (when equal to the heat of condensation). The indoor state (state K) of processing air is made into dry-bulb 
temp rature Tr and absolute humidity Xr. and sets the amount of dehumidification of processing air to deltaX. 
Mor ver. using the open air of the flow rate same to reproduction air as processing air (therefore, the amount ot 
humidification of reproduction air also sen/es as deltaX). entry conditions consider as dry-bulb temperature To and 
abs lute humidity Xo. and set reproduction temperature to Tg. These conditions are compared as the same by the 
cas where there is nothing with the case where there is a heat of adsorption. At the adsorption dehumidification 
pr cess of processing air. when there is no heat of adsorption, temperature Tl after adsorption is Tl - Tr+delta X/Ci. 
(1) deltaX is taken as the absolute value of the humidity difference before and behind dehumidification here. This 
proc ssing air carries out a heat exchange to the open air. and becomes state M'. Temperature of state M 
Tm'=Tr-epsilon(Tr-To) =(1-epsilon) Tl'+To = (1-epsilon) +To (TH-delta X/Ci) (2) by the case where there is nothing 
with the case where epsilon shows the temperature efficiency of the 1 st sensible-heat exchanger here, this is the 
function (epsilon=f (NTU)) of NTU (the number of overall heat transmissions), and there is a heat of adsorption in this 

xample of calculation If a flow rate, a heat transfer coefficient, and heat transfer area are equal, since NTU is equal. 

it is same and it can be treated as a constant. ^ x i \ n-^ i t i - ri -.•.*.:l^«^ 

[0014] Wh n similarly there is a h at of adsorption Tm=TI-epsilon (Tl-To) = (1- psilon) [ Tl+epsilon To ] - (1 -epsilon) 
+epsilonT (Trf delta X/Cs) (3) - since the dry-bulb temperatur of Stat M or M will_be [ the air condi^^^^ 
] larg if the method of a low tak s the differ nc of Tm and Tm' in this cas Tm -Tm-C1 -epsilon) UVCi-l/Cs; 
deltaX'=(1 -epsilon) (Cs-Ci) d ItaX/CiCs Since it is (4) Cs<Ci, it is Tm -Tm<0. therefore it is set to Tm <Tm. arid . 
temp ratur falls [ the direction with f w h at of adsorptions ]. and th air conditioning ffect becomes large. That is. 
in drawing 18 , it is set to deltaQ'>d ItaQ and the air conditioning ffect becom s L th one where a heat of 

adsorption is larg r ] small. .... . ^. j,u ru 

[0015] N xt, the cas wh r ther is a heat of adsorption is compar d with the case wh r ther is nothing ^wh n 
larger than th h at of condensation), about the amount of n cessary h ating of reproduction air (when qua! t th 
heat f c ndensation). When ther is no h at of adsorption in drawing 1 8 as well as the above, state U is Tu = 
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Tg-delta X/Ci (5) state R* is Tr'=To+epsilon(Tr~To) =(1-epsilon) T +epsilonTr. Since (6) state U' and stat R* canry 
out a heat exchange, stat S' is Ts'=(1-epsilon) T +epsilonTr+ psilont(Tg-delta X/Ci). 
-d-Epsil n)T -epsilonT!'] 

= (1-epsilonO To+epsilon' (1-epsilon) (Tg-delta X/Ci; ^ . ^ ^ j 

+ eDsilon(1-epsilon')-Tr(7)Here. psilon shows th temp rature fficiency of the 2nd s nsible-heat xchanger, and 
can treat it as a c nstant lik the abov . »t is the stat U wh n a heat f adsorpti n is large similarly, Ts=(l-epsilon } 
(l-epsilon) T +(BpsiIon* (Tg-delta X/Cs) , . . vc^.. u *u 

+ psilond-epsilonO Tl It is set to (8). Sine th re will be f w amounts of r pr duction heating if the on where the 
dnrbulb temperature of state S' or S is higher takes the difference of Ts and Ts in this case Ts -Ts=-epsilon Cdelta 
X/Ci-delta X/Cs)+epsilon (1-epsilonO 



JpLlon'(delta X/Ci-delta X/Cs) +epsilon (1-epsilon') 



[(Tr+deita X/Ci )- (TH-delta X/Cs)] , ^ . 

= deltaX (Ci-Cs) (epsilon -epsilon+epsilon'epsilon) / CsCi — (9) — since the temperature efficiency of two 
sensible-heat heat exchangers is usually 70% or more, and (epsilon'-epsilon+epsilon epsilon) is positive this range 
and it is Ci>Cs (9) formulas sen/e as positive Therefore, since the temperature of S points becomes so high that a 
heat of adsorption is small, there are few amounts of heating of reproduction air. and they end. That is. in drawing 18 
it is deltaGXdeltaG. Therefore, the heating value which heating of reproduction air takes increases, so that a heat ot 

[00?S ThliL! iince the air conditioning effect becomes large, and the heat of adsorption of DESHIKANTO has few^^^ 
amounts of heating of reproduction air and ends so that it is small, although it is desirable to "^t^^f^.'j^'^N™;^'^ 
as much as possible few heat of adsorptions, as the zeolite and silica gel which are well-known DESHIKANTO are 
sh wn in the following well-known examples 1-5. the large thing is reported compared with the heat of condensation 



(Wdhi^own example 1) It is indicated by drawing 17 of JP.6-277440 A that the differential heat of ^^^orption of a 
c nversion zeolite is almost fixed in the practical use range [ heat of condensation / of water ] (amount of adsorption 
006 - 02 g/g) of 1.28 times as many DESHIKANTO air-conditioning as this. • r 

(Well-known example 2) It is indicated by Chapter 4 1 72 pages of reference (the pracbcal use design of 
d SmidSon for an aii-conditioning engineer. Kyoritsu shuppan Co.. Ltd.. Showa 55) that a zeohte is the double 

orecision of the heat of condensation of water. . . ^ / . .-x- • 

(Well-known example 3) Having the heat of adsorption whose silica gel is 800kcal/kg in reference (air-conditioning 
sanitary engineering 57-volume 61 pages) is indicated. [ No. 7 J 

(W ll-known example 4) It is indicated by Chapter 4 172 pages of reference (^e prececal use design of 
dehumidification for an air-conditioning engineer. Kyoritsu shuppan Co.. Ltd.. Showa 55) that silica gel is 1.3 times the 
h at of condensation of water. . ^« o w i c m« o ^r,^ 

(Well-known example 5) It is indicated by reference (167 or Bntain. Heat Recovery Systems. Vol.6. No.2. and 
DDI 51 -1 986 Fig.5) that the maximum of the differential heat of adsorption of siiica gel is 1 .33 tmes the heat of 
condensation of water, and the minimum value is 1.12 times the heat of condensation. Therefore, a zeolite and silica 
gel had the fault more than which the air conditioning effect becomes less than, and the amount of heating ot 
r or duction air increases compared with DESHIKANTO with few heat of adsorptions. ... ^ • *u 

[001 7] On the other hand, as DESHIKANTO with comparatively few heat of adsorptions, there is a method using the 
lithium chloride infiltrated into the fiber material, and it is reported by the well-known example 6 of the following L heat 
of adsorption / this ] that there are few heat of adsorptions. .,w^^«^:+:«r,J«» 
(W ll-known example 6) Since a lithium chloride has deliquescence under high humidity reference (an air-cor^ditioning 
sanitary engineering handbook (Showa 42). the Society of Heating. Air-conditioning & Sanitary Engirieers P^"- 
Chapter 15. drawing 15 . 18 concentration enthalpy diagrams), however as above-mentioned, a sen/ice condition has 
restrictions and it cannot be used for DESHIKANTO air-conditioning. . . ^. , 

[0^8] Moreover%X^^^ there is also a method using activated carbon as another DESHIKANTO with comparatively 
few heat of adsorptions Activated carbon, especially an activated carbon from wood have the property that moisture 
content rises rapidly from 40 - 50% of relative humidity field, as the adsorption 'sothemi indicated b^^^ following 
well-known example 7 shown in drawing 19 shows. The sake, On the service condition of DESHIKANTO 
air-conditioning, there are few amounts of adsorption and desorption of moisture, differential coefficient dP/dX which 
sh ws the ratio of variation deltaP of relative humidity to variation deltaX of the amount of adsorption and desorption 
is large, and there was a fault to which eye a convex hatchet and a rate of adso^tion become slow 
(Well-known example 7) Reference (chemical engineering collected works, the 15th volume. No. 1, 1989. PP J8 
c* a\ 

[0019] thus, since DESHIKANTO excellent in the adsorption property has the large heat of adsorption in a Prior art. 
ih re is a fbult more than which heat-energy consumption increases DESHIKANTO with f^^ ^I^'^^-'^^'^^a^^L 
th fault whose adsorption property does not suit to the service condition of DESHIKANTO air-conditioning and using 
DESHIKANTO in which the adsorption property which the maximum of the differential heat of a«on>bon is J or less 
times of the heat of condensation of water, and is especially shown by the adsorption isotherm has a suitable property 
for the reproduction temperature of 65-75 degrees C was not made 

[P?^b?em(s) to be Solved by the Invention] this invention was made in view of the point mentioned above, and it is 
energy saving and it aims at ffering a c mpact dehumidificati n air conditioner. 

[Sfeans for Solving the Problem] It is what was mad in order to attain the above-mentioned purpos . inv nti n 
according to claim 1 Aft r b ing h ated by the path and the sourc of heating of the proc ssing air with which 
moisture is adsorb d by DESHIKANTO. pass DESHIKANTO after the afor m ^t'O'li' water ad rpti n and it has the 
path of the r production air which carries out th d sorption f the moistur in DESHIKANTO, and is reproduced. In 
the d humidifioation air conditioner which has a h at xchang '•betw n r production a.r b for being h ated by 
b fore th processing air by which moistur was adsorb d, and DESHIKANTO reproduction, and th source of h ating 
The maximum of the differential heat of adsorption at the tim of th re b ing no d iqu sc nc and adsorbing 20% or 
more of moistur of the maximum amount of adsorption as DESHIKANTO, is 1.1 or I ss tim s f the h at of 
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condensation of wat r. The adsorpti n isotherm which shows th adsorption property of DESHIKANTO and by 70% of 
within the limits, from 30% of r lative humidity P and a constant-t mperature-line separation factor are set to R f r 
r lative humidity by b ing set the relative amount of ads rption which mak s a denominator the maximum am unt of 
adsorption at *e time of 90% of r lative humidity, and defin s the amount f adsorption as a m lecule to X. It is th 
d humidification air e nditioner characteriz d by using DESHIKANTO which exists within limits sunround d by the X-P 
curve obtained as a constant-temperatur -line separation factor R= 0.2. and the X-P curve ob^^ed as a 
constant-temperatur -lin s parati n fact r R= 2.5 using th function expr ssed with f nriula X-P/W+P-R-P;. 
[0022] Thus when there is no deliquescence and a heat of adsorption constitutes an air conditioner from 
conv ntionai DESHIKANTO using DESHIKANTO which has a suitable property for the reproduction temperature of 
65-75 degrees 0 few, it is energy saving and a compact dehumidification air conditioner can be offered. 
[0023] Invention according to claim 2 is a dehumidification air conditioner according to claim 1 characterized by using 
an alumina bridge formation clay porous body for DESHIKANTO. Thus, by using an alumina bridge fomiation clay 
por us body for DESHIKANTO. there is no deliquescence, and DESHIKANTO which has the property for the 
r production temperature of 65-75 degrees G that it is fewer than conventional DESHIKANTO. and a heat of 
adsorption is suitable is obtained, it is energy saving and a compact dehumidification air conditioner can be offered. 
[0024] Invention according to claim 3 is a dehumidification air conditioner according to claim 2 charactenzed by tor 
th aforementioned alumina bridge formation clay porous body exchanging the convertibility cation between stratofied 
silicate layers by the polynuclear metal hydroxyl ion containing aluminum, and carrying out heating dehydration of this. 
Thus by exchanging the convertibility cation between stratified silicate layers by the polynuclear metal hydroxyl ion 
containing aluminum, carrying out heating dehydration of this, manufacturing an alumina bndge formation clay porous 
body, and using for DESHIKANTO. there is no deliquescence, and DESHIKANTO which has ttie property for the 
r production temperature of 65-75 degrees 0 that it is fewer than conventional DESHIKANTO. and a heat of 
ads rption is suitable is obtained, it is energy saving and a compact dehumidification air conditioner can be offered. 
[0025] Im/ention according to claim 4 is a dehumidification air conditioner acceding to cjaim 3 charactenzed bv a 
stratified silicate being nature or a synthetic smectite. Thus, the convertibility cation between stratified silicate layers 
is exchanged by the polynuclear metal hydroxyl ion containing aluminum using nature, such as a montmonllonite. or 
the synthetic smectite which has a convertibility cation as a stratified silicate. By carjying out heating dehydration of 
this, manufacturing an alumina bridge fbonation clay porous body, and using for DESHIKANTO There is no _ 
d liquescence. and DESHIKANTO which has the property for the reproduction temperature of 65-75 degrees C that it 
is f wer than conventional DESHIKANTO. and a heat of adsorption is suitable is obtained, it is energy saving and a 
compact dehumidification air conditioner can be offered. .. ^ , • < u * • ^ k.. 

[0026] Invention according to claim 5 is a dehumidification air conditioner according to claim 1 charactenzed b^^ 
structure-like activated carbon for DESHIKANTO. Thus, by using structure-like acbvated cartion for DESHIKANTO, 
th r is no deliquescence, and DESHIKANTO which has the property for the reproduction temperature of 65-75 
degr es C that it is fewer than conventional DESHIKANTO. and a heat of adsorption is suitable is obtained, it is 

n rgy saving and a compact dehumidification air conditioner can be offered. , . - u- u _.. i. ri- 

[0027] Invention according to claim 6 is a dehumidification air conditioner according to claim 5 which struoture-liKe 
activated carbon carries out cariaonization processing of the polyvinyl fonnal, and is charactenzed by being what is 
obtained by canving out activation at the temperature of 850 degrees C or less. Thus, by carrying out carijonization 
processing of the polyvinyl formal, carrying out activation at the temperature of 850 C or tess mani^^ 

structure-like activated carbon, and using for DESHIKANTO. there is no deliquescence, and DESHIIOVNTO whc^^ 
th property for the reproduction temperature of 65-75 degrees 0 that it is fewer than conventional DESHIKANTO, 
and a heat of adsorption is suitable is obteined. it is energy saving and a compact dehumidification air conditioner can 

[0028? "invention according to claim 7 is a dehumidification air conditioner according to claim 1 characterized by using 

a p rosity aluminium phosphate (molecular sieve) for DESHIKANTO. thus, the thing for which there is no 

d liquescence and a heat of adsorption constitutes an air conditioner ft-om conventional DESHIKANTO. using as 

DESHIKANTO the aluminium phosphate (molecular sieve) which has a suiteble property for the reproduction 

t mperature of 65-75 degrees 0 few — energy saving — and a compact dehumidification air conditioner can be 

[0029]*invention according to claim 8 is a dehumidification air conditioner according to claim 7 characterized by a 
porosity aluminium phosphate (molecular sieve) being matter which hydrated aluminas (for example an aluminum 
hydroxide, a boehmite. a pseudo-boehmite. ete.) and a phosphoric acid are made to react using a thermal dissociation 
nature template agent (for example, an organic base like tripropylamine). and is obtained, thus, by using the 
manufactured porosity aluminium phosphate (molecular sieve) for DESHIKANTO there is no deliquescence and 
DESHIKANTO which has the property for the reproduction temperature of 65-75 degrees G that it is fewer than 
c nventional DESHIKANTO. and a heat of adsorption is suiteble obtains — having — energy saving — and a compact 
dehumidification air conditioner can be offered .• ^ ■ • i * o ^\^^^^*^^-,^ k» 

[0030] Invention according to claim 9 is a dehumidification air conditioner according to claim 1 to 8 charactanzed by 
heating reproduction air at 75 degrees G or less, and reproducing DESHIKANTO. Thus, a dehumidification air 
conditioner [ ************ ] can be offered reproducing DESHIKANTO at the reproduction temperature doubled with 
the adsorption property of DESHIKANTO. and by using a low drive heat source comparatively. ^ . 

[0031] Invention according to claim 10 is a dehumidification air conditioner according to claim 9 charactenzed by 
cooling the processing air which carried out the heat exchange to the f^Production air after water a^^^^ the 
source of the I w f v r of heat pump, and heating the reproduction air befor DESHIKANTO r production in the 
source of high temperature of h at pump. Thus, by taking heat fi-om the r product! n air aft r wat r adsorptioa and 
using the h at for reproducti n of r production air. multipl x use-ization of th dnv n rgy of heat pump is attain d. 
and a d humidification air conditioner [ ************ ] can b ffer d. 

[Embodiments of the Inv ntion] Her aft r.th exampl of the dehumidification air condition r concerning this 
invention is xplain d. Th 1st xample of this inv ntion is a d humidification air conditioner using what xchanged 
the convertibility cation betw n stratified silicat layers by th polynuclear m tal hydroxyl ion containing aluminum 
using natur . such as a montmorillonite. or the synthetic smectit which has the sodium group in a convertibility 
cation as a stratifi d silicat . cam d out heating dehydration of this, and was made into the alumina bndg fonnation 
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clay porous body as DESHIKANTO. Th manufactur m thod is introduced to the referenc of th well-l«iown 
example 8 of the following [ method / th moisture absorption prop rty and the manufacture m thod / f an alumma 
bridge formation clay porous body / this kind of ] again also at the reference of another well-known example 9 
(WeM-known exampi 8) Referenc (the U.S., Journal of Colloid and Interface Science. Vol.134. No.1. January (1990). 

(WdinSln exampi 9) R ferenc (5 r fr nt-fac . V 1.29. and No. 1991. pp 387-398. 5.2nd term) 
[0033] DrawingJ. is drawing showing th h at of adsorption of th alumina bndg formation clay porous body (Aluniina 
Pillared Clay) indicated as Fig.10 in the reference of a w ll-known xampi 8. the honzontal axis shows th am unt of 
ads rption and the vertical axis shows the heat of adsorption. The ratio [ as opposed to / drawing 2 is what showed 
th heat of adsorption as a ratio to the heat of condensation of water using the relation of drawing 1 . and / as 

pposed to / the amount of adsorption./ in a horizontal axis ] the heat of condensation of the water of a heat of 
adsorption in a vertical axis / is shown. When the heat of adsorption of this matenal is 1 .08 times the heat of 
condensation of water and the maximum of the differential heat of adsorption also averages it from drawing 2 , it turns 
out that it has a property almost equal to the heat of condensation of water. ^. r j • * 

[0034] Thus the effect at the time of using DESHIKANTO which has a small heat of adsorption for the desiccant air 
conditioner shown in drawing 16 is explained below. When the water adsorption process on the psychrometnc chart of 
drawing 18 (state K-L. L') has a heat of adsorption equal to the heat of condensation of water Cstate K-L ), the 

foil wing formula consists of heat balance. . # **y / **T-n«/R**Pi 

As f r delta X-R=delta T-Cp, therefore this process, inclination is shown by the segment of **X / **T-Cp/K**Oi 
(=024/580=0414x10-3= regularity). (It is here, and R is the condensation latent heat of water and Cp is the specific 
heat at constant pressure of air) . On the other hand, when there is a heat of adsorption (state K-L). inclination is 
similariy shown by the segment of **X / **T=Cp/H**Cs (= regularity) (it is here and H is a heat of adsorption). It is 
s tt X/**T=Cp/H**Cs=0.24/580/1 .28=0.323x1 0-3 in using a conversion zeolite U heat of adsorption is \.£o times 

ofth heat of condensation of wsLcr./ lOi urawniK ■ < m ... .•»«*v„rt - ...-«».. .-.^ . . ; . 

[0035] Here it compares about the air conditioning effect The indoor state (state K) of processing air is made into 
dry-bulb temperature Tr and absolute humidity Xr. and sets the amount of dehumidification of processing air to 
d HaX Moreover, using the open air of the flow rate same to reproduction air as processing air. entry conditions 
consider as dry-bulb temperature To and absolute humidity Xo. and set reproduction temperature to Tg. These 
c nditions are compared as the same by the case where there is nothing with the case where there is a heat of 
adsorption. At the adsorption dehumidification process of processing air. when there is no heat of adsorption, 
temperature Tl' after adsorption is Tr= Tr^delta X/Ci. (1) deltaX is the absolute value of the humidity difference 
before and behind dehumidification here. The absolute humidity which will reach if the point that this enthalpy line that 
pass s along this state crosses 10% of relative humidity when reproducing at 70 degrees C and it is t^^e a^r-bulb 
temperature of 27 degrees C and wet-bulb temperature of 1 9d«»:?esC (relative humidity of ^f *. absokAe humijt^^ 
of 1 0 7g/kg) to which indoor air conditions were specified at the JIS-C961 2 grade since it can stick to DESHIKANTO 
t 1 0% of relative humidity as above-mentioned is searched for becomes in kg and about 5g /.Theref^^^^^ 
m isture-content deltaX dehumidified becomes in kg and 5.7g /. Therefore, it becomes Tl -27-KW057 / 000041 4- 
40 77 degrees C. This processing air carries out a heat exchange to the open air, and becomes state M Temperatur 
of state M'Tm =Tr-epsilon(Tr-To) =(1-epsilon) TI'+epsilonTo =(1-epsilon) (Tr+delta X/Oi)+eps.lonTo (2) epsilon shows 
the temperature efficiency of the 1st sensible-heat exchanger here. Therefore if the temperature efficiency of the 
1 St sensible-heat exchanger is made and an OAT is made into 30 degrees C 80%. it wHI become 
Tm =(1 -0 80)40 77+0.8x30=32.1 5 degree C. It means that deltaQ'= (Tl'-Tm )/Cp was obtained as an air conditioning 
ff ct since point L' before cooling was a point on the same enthalpy line as the intenor of a room. Namely, 
d ltaQ'=(40.77-32.1 5) x0.24=2.069kcal/kg The air conditioning effect is acquired ., x r -n^ •■ x i- 

[0036] When there is a heat of adsorption on the other hand Tm=TI-epsilon (TI-To) = (1 -epsilon) [ Tl+epsilon To J - 
(1 -epsilon) +epsilonTo (Tr+delta X/Cs) (3) When the difference of Tm and Tm' is taken by State M and 
afor mentk>ned M' in this case, it is. Tm'-Tm=(1 -epsilon) (1 "/Ci-I /Cs) delteX = (1 -epsilon) deltaX/C.Cs Tm (Cs-Ci) 
(4) It follows - Tm= (1-0.80) 0 [ 0.323x10-3-0.414] x1 0-35.7x1 0-3/0.41 4x1 0-3/ 0.323x10-3 = -0.776 degrees C. 
th refore the air conditioning effect become small only 0.776x0.24=0.1 86kcal/kg. when a heat of adsorption like a 
zeolite is. That is. compared with the case where a heat of adsorption is equal to the heat of condensation of waten it 
d creases about 9X. If it puts in another way. according to this invention, the air conditioning effect will increase 10% 
from the case where a zeolite is used. , ^ ^, x r u».>t 

[0037] Next the case where there is a heat of adsonption like a zeolite about the amount of necessary heating of 
r production air is compared with the case where there is nothing (when larger than the heat of condensation) (when 
equal to the heat of condensation). When there is no heat of adsorption, in drawing 18 state U as well as the above 
Tu'= Tg-delta X/Ci = 70-0.0057 / 0.000414= 56.23 degrees C (5) state R' Tr =To+epsilon(TI -To) -(1 -epsilon) 
T + psilonTr =0.2x30+0.8x40.77=38.62 Since (6) state U' and state R' cany out a heat exchange, state S is. 
Ts'=(1 -epsilon) To+epsilonTI'+epsilon* x [(Tg-delta X/Ci )- (1 -epsilon) To-epsilon Tl'] 

= (1 -epsilon') To+epsilon' (1-epsilon)(Tg-delta X/Ci) . ^ i . 

+ epsilond -epsilon') Tl' (7) =0.2x0.2x30+0.8(70-0.0057/ 0.000414) +0.8x0.2x - here. 40.77= 52.70 degrees C epsilon 
is the temperature efficiency of the 2nd sensible-heat exchanger Therefore, amount of heatirig deltaG of 
reproduction air is deltaG'=(Tg-Ts') xCp=(70-52.70) x0.24=4.152kcal/kg[0038l It is the state U when a heat of 
adsorption is large similarly. Ts=(1 -epsilon') (1 -epsilon) To+epsilon" (Tg-delta X/Cs; ^ ^. . ^ . . 

+ psilond -epsilon ) Tl (8) In this case, since there will be few amounts of reproduction heating, the one where the 
dry-bulb t mperature of state S' or S is high r is Ts' and Ts. If a diff r nc is taken Ts -Ts=-epsilon (delta 
X/Ci-d Ita X/Cs) 
+ psilon (1 -epsilon') (TI'-TI) 

= - epsilon'(d Ita X/Ci-delta X/Cs) +epsilon (1-epsilon') 

? dSii%Hci)Vp^slV'- eVsSoil ps^ psilon) /CsCi (9) =0.0057x (0.000414-0.000323) 

(0 8-0 8+0 8x0 8) /0.000323/ 0.00041 4 Th amount of h ating when =2.48 **, therefore a heat of adsorption are large 
increases only 2.48x0.24=0.595kcal/kg. That is. it incr as s about 14% compared with th cas wh re a heat of 
adsorption is equal to th h at of condensation of water. If it puts in anoth r way according to this invention, th 
amount of heating more neariy r quired than the cas wh r a zeolite is us d will d creas 13%. If en rgy effici ncy 
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c mpares both, a differ nc will b com large furth r. In th f rm r for which coeffici nt of performance us s a 
Ldit wrthlar^e COP'=d ItaQVdeltaG* =2.069 / 4.152= 0.4983 one side and heat of adsorption acc rding to this 
f,^ ntion rtisCOP=d ItaQ/d ltaG=(2.069-0.186)^^ , . «: 

= Ac™ rding to 0.3967. ther fore this invention, compar d with the conventional xample using a zeolite, coeffici nt of 

[OotgmT m T^Tab^Sti n prop rty of the alumina bridg f rmation clay por us body us d for this example on 
roier ha^d SlI^ d^c dt 5, w Ihkn wn example 8. and is the the best for DESHIKANTO air-c nd^on.ng. 
DrawWig is used and explained below. Drawing 3 is an adsorption isotherm of th mat nal which xchanged the 
c^rrtibility cation be^een stratified silicate (montmorillonite) layers by the polynuc ear -on 
coSng aluminum, and carried out heating dehydration of this at 200 degrees C indicated by the well-known 
exS 8 and the relative amount of adsorption (relative moisture content) which a honzontal axis makes the 
am X of adsorption at the time of 90% of humidity of each DESHIKANTO as relative humidity, and a verbca^ am 
makes it a denominator, and defines the amount of adsorption as a molecule is shown. ^^^f^J)?^^"^^^^ 
m isture content which the relative moisture content which balances reproduction air of 1 0X of relative humidity 
h at d by 70 degrees C is 0.23. and balances processing air of 50% of relative humidity fi^om this drawing .s a66. and 
S,e diffei4nce of adsorption and desorption is 0.43 and exceeds the above 0.378 at the time of using «1« J« J^^* 
oTnventional example. Moreover, it is convex, and since a water vapor pressure cannot go up easHy even 'J d^Ferential 
CO fficient dP/dX which shows the ratio of variation deltaP of relative humidity to variation deltaX of the amount of 
ads rotion and desorption is small and adsorbs moisture as aforementioned, the driving force of adsorption is 
malnSS. and the curve which connects both points can make a rate of adsorption h,^ and ,s advan^geous. 
foCWrt DraivinK4 is an adsorption isotherm of the material which exchanged the convertibility cation be^een 
S^ ed silicAe (montmorillonite) layers by the polynuclear metal hydroxyl ion aluminum and earned out 

Sng dehydration of this at 300 degrees C indicated by the well-known example 8. and the relative amount of 

neauiiB uBiiyuiawii = , . , . amniint nt aWenrntinp at the time of 90% Of 

adsorption (reative moisture content) wmcn a nun^unuii a*.o .....x^^ — . — ... --^. .f. ^. 

humify of each DESHIKANTO as relative humidity, and a vertical axis makes jt a denominator and defines th^^ 
am unt of adsorption as a molecule is shown. It turns out that the relative moisture content which the relative 
moisture content which balances reproduction air of 10% of relative humidity heated by 70 degrees C is 0.27. and 
Zaioes l^lti^ tw of lo% of refative humidity from this drawing is 0.73. and fl^^^^^-^^J.^'^l'^^^ZT 
des rption is 0.46 and exceeds the above 0.378 at the time of using the zeolite of the conventional ^amp^ 
M r over, it is convex, and since a water vapor pressure cannot go up easily even if differential coeffic^^^ 
which shows tiie ratio of variation deltaP of relative humidity to variation deltaX of the amount o^. ad^^«n and 
n rption is small and adsorbs moisture as aforementioned, the driving force of adsorption is mairtained, and the 
curv which connects both points can make a rate of adsorption high, and is advantageous. 

Drawing s is an adso^on isotherm of the material which exchanged the convertibility cation between 
Sfi ed locate (montmorillonite) layers by the polynuclear metal hydroxyl ion <ff '"'"8 ^i-^rS^rlunTof 
heating dehydration of this at 400 degrees C indicated by the we l-known exarnple 8. and the "^'ative amount of 
adfSion (relative moisture content) which a horizontal axis makes the amount °f adsorption at the tm»eo^^^ of 
humidrty of each DESHIKANTO as relative humidity, and a vertical axis makes rt a <la~'"''«'°''-.a"d Refines ti^^^ 
am unt of adsorption as a molecule is shown. It turns out that the relative moisture content which jelabve 
m iSe contert which balances reproduction air of 10% of relative humidity heated by 70 degrees Cjsai 8 and 
balLn^es processing air of 50% of relative humidity fi^m this drawing is 0.78. and f^^'^^^^^J.^Jj!'^^^?" ^ 
d sorption is 0.60 and exceeds the above 0.378 at the time of using tiie zeolite of the .^onveirtional sample 
M r over, it is convex, and since a water vapor pressure cannot go up easily even if differential coeffic^^^ 
which shows the ratio of variation deltaP of relative humidity to venation deltaX of the amount o^. adsorption and 
Se^rptioi^is small and adsorbs moisture as aforementioned, the dri>^ng force of adsorption is maintained, and the 
curve which connects both points can make a rate of adsorption high, and is advantageous 
[m2] SiSrs an adsorption isotherm of the material which exchanged tfie convertibility cation beti^een 
sti^fi ed smoate (montinorillonite) layers by the polynuclear metal hydroxyl ion containing aluminum, and earned out 
fSn^deh^SoroTJhis at 600 degrees C indicated by the well-known example 8. and the relative amount of 
adS^^^S Kve moisture content) which a horizontal axis makes the amount adsorption at the time of m of 
humiSw of each DESHIKANTO as relative humidity, and a vertical axis makes it a denominator and defines tiie 
amourtof aSoTrtion as a molecule is shown. It turns out that the relative moisture content which the relative 
m Se content which balances reproduction air of 10% of relative humidity heated by 70 degrees C is 0.19. and 
bLiLnces orSeSing S of 50% of relative humidity fi^m this drawing is 0.73. and the difference of adsorption and 
^soSionTairanrex^^^^^^ the above 0.378 at the time of using the zeolite of the 

M reover it is almost convex and since a water vapor pressure cannot go up easily even if differential coefficient 
yp/dHhiJh shirsthe X orv^^^ de^P of relative humidity to variation deltaX of ti.e amount of adsorption 
and desCtion is small and adsorbs moisture as aforementioned, the driving force of adsorption is maintained, and th 
curve which connects both points can make a rate of adsorption high, and is advantageous. ,H=«mtinn 
r0043l Drawing 7 is data which are indicated by the well-known example 8 and which measured the adsorption 
SrS^ISiLrid lic'h exchanged the ^ertibility cation ^et^ee" ^/.^Stion^^^^^^^ 
by the polynuclear metal hydroxyl ion containing aluminum, and earned out heating dehydration of this at 3^^^^^ 
C at tiie tiYne of desorption. and tine relative amount of adsorption (relative moisture conter^t) which a horizontal axis 
makerthe^mount o?Tdsorption at the time of 90% of humidity of each DESHIKANTO as relative humidi^ and a 
V rtcal axis mak s it a denominat r. and defin s the amount f adsorption as a mol cule shown. It o^rt that 
the relative m istur cont nt which th r lative moisture content which balanc s r production air of 10% of relative 
SimWity heaT d by 70 degre s C is 0.25. and balanc s proc ssing air of 50% of relative humidity from this drawjng is 
0 82 andT drffer nc of adsorption and desorption is 0.57 and xc ds th above 0.378 at th tim of using the 
z olit ofth conventional xample. Mor ov r. it is convex, and since a water vapor pr ssur .cannot go up a^^^^^^ 
Iv^n if diff r ntial coefficient dP/dX which shows th ratio of venation deltaP of relativ humidity to venation deltaX 
oftfi amount f adsorption and desorption is small and adsorbs moisture as afor mention d^^dnvmg force f 
adsorption is maintain d. and th curve which connects both p ints can make a rat of adsorption high, and is 

[SX?5]AsThown in aforementioned d^55mitl-d^^ t has til property that it cannot be bas d nthe 
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orocessing temperature of h ating d hydration, but the large diff r nc f adsorpti n and d sorption can be tak n. 
and a rate f adsorption can m re ver be maintained highly and DESHIKANTO of this xample can p rform many 
moisture processings in few DESHIKANTO in DESHIKANTO aii-conditioning. it can be managed with a c mpact 
DESHIKANTO rotor, th refore can mak an air conditioner compact Thus, by using as DESHIKANTO th thing which 
is the 1st xample and which exchanged the convertibility cation betw en stratifi d silicat lay rs by the polynuclear 
metal hydroxy! ion containing aluminum using the montm rillonite which has the sodium group in a convertibility cation 
as a stratifi d silicate, carried out h ating dehydrati n of this, and was made into the alumina bndge-formation clay 
per us body, compared with the conv ntional exampi . th airconditioningeffectislarge.it xcels in n rgy saving, 

and a compact air conditioner can offer. ^ ^ l , , x . u j i 

[0045] In addition, although the convertibility cation between layers was exchanged by the polynuclear metal hydroxyl 
ion containing aluminum, using a montmorillonite as a stratified silicate and this was shown by this ©^^"IPj® „ 
example using the alumina bridge fonmation clay porous body which earned out heating dehydration as DESHIKAN I U 
As a clay mineral which has the 2:1 type layer structure of not only a montmorillonite but analogous bloating tendency 
as a stratified silicate The convertibility cation between stratified silicate layers is exchanged by the polynuclear 
m tal hydroxyl ion containing aluminum using nature, such as a hectorite. a beldellite. and a saponite, or a synthetic 
sm ctite. It does not interfere, even if it uses as DESHIKANTO what carried out heating dehydration of this and was 
mad into the alumina bridge formation clay porous body. , , • j 

[0046] The 2nd example of this invention is a dehumidification air conditioner using the structure-like activated 
carbon (SAC) obtained by carrying out carbonization processing of the polyvinyl formal, and carrvmg out activation at 
th temperature of 850 degrees 0 or less as DESHIKANTO. The manufacture method is introduced to the reference 
f th well-known example 10 of the following [ method / the moisture absorption property and the manufacture 
m thod / of structure-like activated carbon / this kind of ] again also at the reference of another well-known 

t^^^'l^iown example 10) Reference (chemical engineering collected works, the 15th volume. No. 1. 1989, pp 38-43) 
(Well-known example 11) If the heat of adsorption of this material is averaged to 40 pages of the reference of the 
r f rence (chemical engineering collected-works. 10th volume. No. 5. 1984, pp 574-579) well-known example 10. it is 
indicated by them that it is about 1.02 times the heat of condensation of water. Therefore, inclination is set to 
**X/**T**Ci=0.24/580/1 .02=0.406x1 0-3 by the process of water adsorption process like the 1st example of the 
above. On the other hand, in using a conversion zeolite (a heat of adsorption is 1 .28 times of the heat of condensation 
f water) for drawing 17 of JP.6-277440.A of a well-known example 1 . it is set to 
X/**T=Cp/H**Cs=0.24/580/1 .28=0.323x1 0-3 like the 1 st example of the above. 

[0047] Here, it compares about the air conditioning effect It calculates on the same conditions as ] .f^®xample ot 
th above, and moisture-content deltaX dehumidified is carried out in 5.7g/kg. Therefore, it becomes Tl -27+0.0057 / 
0 000406= 41 04 degrees 0. This processing air carries out a heat exchange to the open air. and becomes state M . 
The temperature of state M' becomes Tm'=(1 -0.80)41 .04+0.8x30=32.21 degree 0 fi-om a formula (2). Since there is 
s m heat of adsorption In this example in calculation of the air conditioning effect, and there is no state L on the 
sam enthalpy line as indoor air. using the temperature of state U of the 1 st example of the above it calculates, 
nam Iv the deltaQ'=(40.77-32.21) x0.24=2.054kcal/kg air conditioning effect is acquired. On the other hand, when 
th r is a heat of adsorption, with reference to the 1st example, the deltaQ=2.069-0.1 86=1 .883kcal/kg air conditioning 
ffect is acquired, it follows and decreases about 8% compared with the case where the heat of condensation of water 
has the 1.02-time air conditioning effect as for a heat of adsorption If it puts in another way. according to this 
invention, the air conditioning effect will increase 9% fi^om the case where a zeolite is used. 

[0048] Next about the amount of necessary heating of reproduction air, the case where it is a zeolite with a large 
h at of adsorption is compared with the case where it is a small (when it is 1.28 times the heat of condensation} this 

xample (when it is 1 .02 times the heat of condensation). It sets to drawing 18 as well the above^ w^^ fj^n^n^^ 
adsorption is small state U' — Tu from the aforementioned (5) formula — = Tg-delta X/Ci-70-0.0057 / 0.000406- 
55 96-degree-G state R* — Tr from (6) formulas — '= To+epsilon (Tl-To) = (1-epsilon) To+epsilon Tl — since 
=0.2x30+0.8x41.04= 38.83-degree-C state U' and state R' carry out a heat exchange — Ts from state S and U) 
formulas — •= (1-epsilon') (1-epsilon) To+epsilon (Tg-deltaX/Ci) ^ ..^ .i. r * ^ 

+ eosilond-epsilonO Tl* =0.2x0.2x30+0.8(70-0.0057/ 0.0004G6)+0.8x0.2x41 .04=52.54 degree C, therefore amount of 
heating deltaG* of reproduction air are deltaG'=(Tg-Ts') xCp=(70-52.54) x0.24=4.1 90kcal/kg[0049]. A heat of 
adsorption increases similariy the amount of heating in case amount of heating deltaG when a heat of adsorption is 
larg is the zeolite with which the heat of condensation of water has a 1 .28-time heat of adsorption since it is 
d ltaG=4 152+0 595=4.747kcal/kg with reference to the 1st example therefore by about 13% compared with this 

xample which is 1 .02 times the heat of condensation of water. If it puts in another way. according to this invention, 
the amount of heating more neariy required than the case where a zeolite is used will decrease 12% If energy 

fficiency compares both, a difference will become large further. According to this invention, in the former for which 
coefficient of performance uses a zeolite with large G0P'=deltaQ7deltaG' =2.054 / 4 190= 0,4902 one side and heat of 
adsorption, with reference to the 1 st example, coefficient of performance improves 23.6% rather than the conventional 

xample using a zeolite according to COP=delta Q/delta G= 0.3967. therefore this invention. 

[0050] The moisture absorption property of the structure-like activated cariaon (SAC) used for this example on the 
oth r hand is introduced to the well-known example 10. and is the the best for DESHIKANTO aii-conditioning 
Drawing is used and explained below. It is the adsorption isotherm of the material obtained m structure-like activated 
carbon (SAC) by carrying out low activation (Activation) at 800 degrees 0 for 1.5 hours drawinR 8 is indicated to be by 
th well-known example 10, and th r lativ amount of adsorpti n (r lative moisture content) which a honzontal axis 
mak s the amount f adsorption at th tim of 90% of humidity of ach DESHIKANTO as relative humidity, and a 
vertical axis makes it a denominator, and d fin s the amount of adsorption as a mol cul is shown. Mor over, a whit 
round head expresses a desorpti n property and a black dot express s an adsorption property. It turns out that the 
relative moistur cont nt which the r lative moistur content which balances r production air of 10% of r lativ 
humidity heated by 70 degr es C is 0.04, and balanc s proc ssing air of 50% of relativ humidity from this drawing is 
0 70-0.75 and th diff rences of adsorption and d sorption are 0.66-0,71. and exceed th abov 0.378 at th Xm f 
using th z olite of th conventional example far and are advantageous. There is still mor maximum amount of 
adsorption of this mat rial as 40%. and sine more [ as compar d with the maximum amount of adsorption (23%) of th 
zeolite (4A) indicat d by th well-known xampi 12/1.7 times ]. it is much more advantag ous. Mor over, although 



7/12 



2003/09/17 10:29 



http://www4.ipdljp .go.jp/cgi-bin/tran_web.cgi.ejS 



the curv which connects both points is serp ntin [ loos ]. since it can approximate as an aim st linear property, 
the same ads rption driving force as silica gel is btained, and a performance improv s more sharply than the 
c nv ntional activated carbon from wood. . . . ^ ^ ... . j • r 

(Well-kn wn example 12) It is indicated by Chapt r 4 152 pag drawing 4 .lb f ref rence C^e practical us design of 
dehumidification foran air-conditioning engin en Kyoritsu shuppan Co.. Ltd., Showa 55) that the amount of the 
maximum water adsorption fz elite 4A is 23%. . . /oAr%\i- * 

[0051] It is the adsorption isoth rm of the material obtained in structure-like activated carbon (SAC) by carrying out 
low activation (Activation) at 850 degr s C f r 1 hour drawing 9 is indicated to be by the well-known exampi 10 and 
the relative amount of adsorption (relative moisture content) which a horizontal axis makes the amount of adsorption 
at the time of 90% of humidity of each DESHIKANTO as relative humidity, and a vertical axis makes it a denominator, 
and defines the amount of adsorption as a molecule is shown. Moreover, a white round head expresses a desorption 
property and a black dot expresses an adsorption property. It turns out that the relative moisture content which the 
relative moisture content which balances reproduction air of 10% of relative humidity heated by 70 degrees C is 0.03. 
and balances processing air of 50% of relative humidity from this drawing is 0.77-0.79, and the differences of 
adsorption and desorption are 0.74-0.76, and exceed the above 0.378 at the time of using the zeolite of the 
c nv ntional example far and are advantageous. There is still more maximum amount of adsorption of this matenal as 
30% and since more [ as compared with the maximum amount of adsorption (23%) of the zeolite (4A) indicated by the 
well-known example 12/1.7 times ]. it is much more advantageous. Moreover, although the curve which connects 
both points is serpentine [ loose ]. since it can approximate as an almost linear property, the same adsorption dnving 
force as silica gel is obtained, and a perfonmance improves more sharply than the conventional activated carbon from 



K)052] Drawing 10 is the adsorption isotherm of the material before carrying out activation (Activation) of the 
structure-like activated carbon (SAC) indicated by the well-known example 10. and the relative amount of adsorption 

/ . .. . ^ ...u:-i u.-- 4.~i .«<.l;<.€- ^-Ko amniint nf arlenrnfinn at tna time of 90% of humidlw 

each DESHIKANTO as relative humidity, and a vertical axis makes it a denommator. and defines the amount ot 
adsorption as a molecule is shown. It turns out that the relative moisture content which the moisture content which 
balances reproduction air of 10% of relative humidity heated by 70 degrees C is 0.03. and balances processing air of 
50% of relative humidity from this drawing is 0.70. and the difference of adsorption and desorption is 0.67, and exceeds 
the above 0 378 at the time of using the zeolite of the conventional example far and is advantageous. Although the 
maximum amount of adsorption of this material is furthermore 20% as for profitableness, the matenal s'^ce it is 
practically equal, before comparing with the maximum amount of adsorption (23%) of the zeolite (4A) indicated by the 
well-known example 12, and canTong out activation (Activation) is also maintained. ^ ^„ 

[0053] As shown in aforementioned drawing 8 - drawing 10 . since it has the property that it cannot be based on the 
t mperature which will carry out activation if DESHIKANTO of this example is 850 degrees C or less in activation 
(Activation) temperature, but the large difference of adsorption and desorption can be taken, and a rate of adsorption 
can moreover be maintained highly, and many moisture processings can be performed in few DESHIKANTO in 
DESHIKANTO air-conditioning, it ends with a compact DESHIKANTO rotor, therefore an air conditioner can be made 
compact Thus, by using as DESHIKANTO the sbxicture-like activated carbon (SAC) which is the 2nd earample and 
which carries out cariDonization processing of the polyvinyl fomial. and is obtained by canryirig out activation at the 
t mperature of 850 degrees 0 or less, compared with the conventional example, the air conditioning effect is large, it 
excels in energy saving, and a compact air conditioner can be offered. r^^-t,^,^ ^,.tTn * • i :^ 

[0054] Drawing 1 1 is what displayed collectively the adsorption isotherm of the DESHIKANTO matenal shown in 
drawing 3 -10 and the relative amount of adsorption (relative moisture content) which a honzontal axis makes the 
amount of adsorption at the time of 90% of humidity of each DESHIKANTO as relative iH^^di^. and a vertical axis 
makes it a denominator, and defines the amount of adsorption as a molecule is shown. DESHIKANTO of this 'nvention 
xists within limits surrounded by tiie X-P curve obtained as a constant-temperature-lme separation factor R= 0.2. 
and the X-P curve obtained as a constant-temperature-line separation factor R= 2.5 using the function which all sets 
P and a constant-temperature-line separation factor to R for relative humidity by setting the relative amourt of 
adsorption to X in 30 to 70% of range as shown in this drawing, and is expressed with formula X-P/^R+P-K-P;. L oT 
r lative humidity ] If the difference of the adsorption and desorption in the case of the constant-temperature-Iine 
separation factor R= 0.2 which is tine adsorption property of imagination is searched for here using the aforementioned 
function The moisture content which balances reproduction air of 10% of relative humidity heated by 70 degrees C 
Since tiie relative moisture content which is 0.357 and balances processing air of 50% of relative humidity is 0833. til 
diff rence of moisture adsorption and desorption is 0.476, and exceeds the above 0.378 at the time of using the 
z elite of the conventional example far and is advantageous. , ^ o j . • a „^^^a ♦ 

[0055] next as similar DESHIKANTO with an effect common to tiie 1st example and the 2nd example, as indicated t 
th claim 1 of this invention, the maximum of the differential heat of adsorption shows the examp e of calculation, and 
explains the effect of DESHIKANTO which is 1 .1 or less twice the heat of condensation of water When a heat of 
adsorotion is tfie highest as for this calculation, tiie average of a heat of adsorption perfonris [ **♦**♦ J comparison 
witii the zeolite of a well-known example 1 supposing 1.1 times as much DESHIKANTO as tiie heat of condensation f 
wat r Inclination is set to **X/**T**Ci=0.24/580/1 .1=0.376x1 0-3 by the process of water adsorption prwsess like 
th 1 st example of the above. On the other hand, in using a conversion zeolite (a heat of adsorption is 1 .28 times ot 
the heat of condensation of water) for drawing 17 of JP.6-277440,A of a well-known example 1 . it is set to 
X/**T=Cp/H**Cs=0.24/580/1 .28=0.323x1 0-3 like the 1st example of tiie above. , ^ , x 

[0056] H re. it compares ab ut the air conditioning eff ct It calculates on the same conditions as t^'V .f.t,«'J^']?P'® 
tiie above, and moisture-content d ItaX dehumidified is carri d out in 5.7g/kg. Th refore. it bee mes Tl -27+0.0057 / 
0 000376= 42.1 6 degre s C. This processing air carri s out a heat xchange to tiie open air, and b comes state M . 
Th t mp rature of Stat M' becomes Tm'=(1 -0.80)42. 16+0.8x30=32.43 degre C from a fonmula (2). Since th re is 
som heat of adsorption in this xampi in calculation of tiie air conditioning ff ct and tiier is n state L n the 
sam enthalpy line as indoor air, using th temp ratur f stat L' of tiie 1st xampI ofth above it calculat s. 
namely, th d ltaQ'=(40.77-32.43) x0.24=2.002kcal/kg air conditioning effect i^s acquired^ On t^^ other hand, wh n 
ther is a heat of adsorption, with ref r nee to th 1 st xample, tiie deltaQ=2.069-0.1 86=1 .883kcal/kg air conditioning 
effect is acquired, it follows and d cr ases about 6% compar d witii tii cas wher tii h at of cond nsation of water 
has the 1.1 -time air conditioning effect as for a heat of adsorption If it puts in an th r way. according to tiiis 
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inv ntion. th air c nditioning eff ct will increas 6% from the cas wh re a 2 lite is used. 
[0057] Next about th am unt of necessary h ating of reproduction air, the cas wh r it is a zeolite with a larg 
heat of adsorption is compared with the case wher it is a small (when it is 1 .28 times the heat of cond nsation) ^is 
example (when it is 1.1 times the heat of cond nsation). It sets to drawing 18 as well the above, wh^^^^ 
adsorption is small state — Tu from the aforementioned (5) formula — = Tg-delta x/Ci=7O-0.0057 / 0.000376- 
54 84-degree-C stat R* — Tr from (6) f nmulas — '= To+epsilon (Tl'-To) = (1-epsilon) To+ psilon Tl — since 
=02x30+0.8x42.16= 39.73-d gre -C state U' and stat carry out a heat exchange — Ts from state S and (7; 
foirnulas — '=(1-epsilon') (1-epsilon) T +epsilon' (Tg-delta X/Ci) ^ ^ ^ . x 

+ eosilon (1-epsilonO Tf =0.2x0.2x30+0.8(70-0.0057/ 0,000376)+0.8x0.2x42. 16=5 1.82 degree C therefore amount of 
heating deltaC of reproduction air are deltaG'=(T|rTs') x Cp=(7a-51 .82) x0.24=4.363. kcal/kg [0058] A heat of 
adsorption increases similariy the amount of heating in case amount of heating deltaG when a heat of adsorpton is 
larg is the zeolite with which the heat of condensation of water has a 1 .28-time heat of adsorption since it is 
deltaG=4 1 52+0 595=4 747kcal/kg with reference to the 1 st example therefore by about 9% compared with this 
example which is 1 .1 times the heat of condensation of water. If it puts in another way, according to this im/ention, the 
amount of heating more neariy required than the case where a zeolite is used will decrease 8%. !f energy efficiency 
compares both, a difference will become large further. In the former for which coefficient of perfonmance uses a 
ze lite with large G0P'=deItaQ7deltaG' =2.002 / 4.363= 0.4589 one side and heat of adsorption, according to 
GOP=delta Q/delta G= 0.3967, therefore this invention, with reference to the 1st example, coefficient Perf?*?]?^^ 
improves 1 5 7% according to this invention. Thus, as indicated to the claim 1 of this invention, by using DESHIKANTO 
whos maximum of the differential heat of adsorption is 1 .1 or less times of the heat of condensation of water, th^ air 
conditioning effect increases sharply and the high energy-saving effect is acquired. The 3rd example of this invention 
is a dehumidification air conditioner using the porosity aluminium phosphate (the common name AlPO 4 5 in a 
mol cular sieve, for example, a union carbide company, and a society) which hydrated aluminas (for example, an 
aluminum hydroxide, a boehmite. a pseudo-boehmite. etc.) and a phosphoric acid are made to react using the template 
agent (for example, an organic base like tripropylamine) of thermal dissociation nature, and is obtained as indicated by 
the following well-known example 13 as DESHIKANTO. Artificers compounded this porosity aluminium phosphate Ca 
mol cular sieve, a common name AlPO 4-5). measured the heat of adsorption and adsorption property, and obtained 

cSten-£ow?e^^ 13) The name classification of this kind of porosity aluminium phosphate (molecular ^ is 
indicated by reference (-1147 or Journal of American Chemical Society.Vol.104 and pp.1 146 1982) as a title 
"Aluminophosphate Molecular SievesiA New Class of Microporous Crystalline Inorganic Solid. u u * 

[0059] Drawing 12 is measured drawing in which showing the heat of adsorption of a porosity aluminium phosphate 
(m lecular sieve), the horizontal axis shows the amount of adsorption and the vertical axis shows the heat of 
ads rption. The ratio [ as opposed to / drawing 13 is what showed the heat of adsorption at the time of adsorbing 20% 
or m re of m< 
c ndensation 

materiaMs 0^97 t 1 .Os'trmes theTeat of'condensation of water and the differential heat of adsorption averages it 
from drawing 1 3 . it turns out that it is about 1 .05 times the heat of condensation of water. . ^ ^ ^ . 
[0060] Thus? the effect at the time of using DESHIKANTO which has a small heat of adsorption for the desiccant air 
conditioner shown in drawing 5 is explained below. When the water adsorption process on the psychrometnc chart of 
drawing 7 (state K-L. U) has a heat of adsorption as small as 1 .05 times of the heat of condensation of water Estate 
K-U), the following formula consists of heat balance. 

As for deltaX and (Rxl .05) =deltaT-Cp. therefore this process, inclirjation is shown by the segment of , ^ ^ . ^ 
♦*X/**T=Cp/R/1-05**Ci (=0.24/580/1.05=0.394x10-3= regularity) (it is here and. for K the condensation latent heat 

of water and Cp are the specific heat at constant pressure of air). , . u 

[0061] On the other hand, when a heat of adsorption is large to a further (state K-L). inclination is similarly shown by 
the segment of **X / **T=Cp/H**Gs (= regularity) (it is here and H is a heat of adsorption). When a conversion 
zeolite (zeolite whose heat of adsorption is 1.28 times the heat of condensation of water) is incidentally used for 
drawing 17 of ^^^^^ of a welhknown example 1 X/**T=Cp/H**Cs=0.24/580/1 .28 = it is set to 0.323x10-3. 

[0062] Here it compares about the air conditioning effect The indoor state (state K) of processing air is made into 
dry-bulb ter^iperature Tr and absolute humidity Xr, and sets the amount of dehumidification of processing air to 
deltaX Moreover, using the open air of the flow rate same to reproduction air as processing air. entry conditions 
c nsider as dry-bulb temperature To and absolute humidity Xo. and set reproduction temperature to Tg. These 
conditions are compared as the same by the case where there is nothing with the case where there is a heat of 
adsorption. At the adsorption dehumidification process of processing air. when a heat of adsorption is as srnall as 1.0t> 
times!^temperature Tl' after adsorption is Tr= Tr+delta X/Ci. (1) [0063] deltaX is the absolute value of the humidity 
difference before and behind dehumidification here. The absolute humidity which will reach if the point that the line f 
inclination X/**T=0.394x1 0-3 which pass along this state crosses 10% of relative humidity wherj reproducing at 70 
degrees C and it is the dry-bulb temperature of 27 degrees C and wet-bulb temperature of 1 9 degrees C (relative 
humidity of 48%. absolute humidity of 10.7g/kg) to which indoor air conditions were specified at the JI5-C9eiZ grade 
sine it can stick to DESHIKANTO to 10% of relative humidity as above-mentioned be searched for becomes in kg and 
about 5g /. Therefore, moisture-content deltaX dehumidified becomes in kg and 5.7g /. Therefore, it becomes 
Tl -27+0.0057 / 0.000394= 41.47 degrees C. t * * ^ ♦ 

[0064] This processing air carries out a h at xchang to th pen air. and b comes state M . Temperature of state 
M'Tm'=Tr- psilon(Tr-To)=(1-epsil n) Tr+ psil nTo =(1- psil n) (Tr+d Ita X/Ci)+epsilonTo (2) j>silon sh ws the 
temperature ffici ncyofth Ists nsibi -heat xchanger h r . Th refore. if the t mp rature effici ncy f the 1st 
sensibl -h at exchanger is mad and an OAT is mad into 30 d gr es G 80%. it will b com 

Tm'=(1-0 80)41 47+0 8x30=32.29 degre C. Point U b for cooling is in an elevat d-t mperatur sid rather than tn 
Doint on th sam enthalpy line as the interior of a room, and since the temperature of the point on the same enthalpy 
lin as th interior of a room is 41 .47-0.0057/0.000394x(1 .05-1 .00) =40.77 degre C. namely, wh n using a molecular 
si ve th d ltaQ'=(40.77-32.29) x0.24=2.035kcal/kg air conditioning eff ct is acquir d as an air conditi ning effect. 
[0065] Wh n a h at of adsorption is larg on th oth r hand Tm=TI-epsilon (Tl-To) = (1- psilon) L TI+ psilon To J - 
(1-epsilon) +epsilonTo (Tr+d Ita X/Cs) (3) Wh n th differenc of Tm and Tm* is tak n by State M and 
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aferem ntioned M* in this cas . it is. Tin'-Tm=(1-epsilon) (1-/Ci-1/Cs) deltaX = (1- psilon) deltaX/CiCs Tin" (Cs-Ci) 
mZ iATS^^ef re VzZ^^^^ used - Tm= (1-0.80) 0 [ 0.323x10-3-0.394] x10-35.7x1 0-3 / 0.394x10-3 
/O 323x10-3 =-0 636 =•=* therefore the air conditioning effect — a zeolite — lik — case a h at f adsorption is large 
— 0 636 xO 24=0 1 53kcal/kg only — it b comes smaller than th cas where a molecular siev is used That is, 
compared with th case wh re the mol cular si v of this invention is us d. it decreases ab ut 7.5%. If it puts m 
another way, according t this invention, th air conditioning ffect will incr as 8.1% from th case wh r a zeolit is 

[0066] Next, the case where a heat of adsorption Is small is compared with th case where a h at of adsorption is 
large like a molecular sieve like a zeolite about the amount of necessary heating of reproduction air (when the heat of 




carry out a heat exchange, state Is Ts'=(1-epsilon) To+epsilonTl'+epsilon'KTg-delta X/Ci). 
- (1-Epsilon) To-epsllonTr] 

= (1-epsilon')To+epsilon'(1-epsilon)(Tg-deItaX/Ci) v . r« ^ .... 

+ epsilon(l-epsilon') Tl' (7) = 0.2x0.2x30+0.8 (70-0.0057 /0.000394)+0.8x0.2x41 .47 = here. 52.26 degrees C epsilon is 
the temperature efficiency of the 2nd sensible-heat exchanger. ^« • ^i. * 4. 

f0067] Therefore, amount of heating deltaG' of reproduction air deltaG'=(Tg-Ts') xCp=(70-52.26) ^Of^ = .t .s the stat 
U when a heat of adsorption Is large (when it is 1.28 times the heat of condensation) similarly Lkcal / 4.258 //kg J. 

Ts=(1 -epsilon') (1 -epsilon) To+epsilon' (Tg-delta X/Cs) . ^. 

+ psilond -epsilon') Tl — (8) — since there will be few amounts of reproduction heating, if the one where the 
dry-bulb temperature of state S' or S is higher takes the difference of Ts* and Ts in this case — Ts -Ts=- 
psilon'Cdelta X/Ci-delta X/Cs) +epsilon (1 -epsilon') 

^psilon'Cdelta X/Ci-delta X/Cs) +epsilon (1 -epsilon') 

K'^ix^^^Cs)^^^^^ u . . ^ V 

x (0 8-0 8+0 8x0 8)/0 000323 /0.000394 the amount of heating when =2.04 degree C, therefore a heat of adsorption 
3^ Ig^gg _ 2 04x0 24=0.490kcal/kg only — it Increases That is. it increases about 1 1 .5% compared with the case 
where the heat of condensation of water has an equal heat of adsorption 1 .05 times. If it puts m arjother way 
acc rding to this invention, the amount of heating more neaHy required than the case where a zeolite is used will 

So68] ene?i efficiency compares both, a difference will become ^^rf^J^^'^^'-^J^Z^^^ 

former for which coefficient of performance uses a zeolite with large C0P'=deltaQ7deltaG =2^35 / 4.258-0.4779 
one side and heat of adsorption, compared with the conventional example us^^^^ performance 
improves 20.6% according to GOP=delta Q/delta G=(2.035-0.1 53)/(4.258+0.490) =0.3964 therefore this invention. 
[0069] On the other hand, the moisture absorption property of the porosity aluminium phosphate (molecular sieve; 
us d for this example is also checking that it is the the best for DESHIKANTO air-conditioning by an artificer s 
measurement Drawing is used and explained below, the hydrated alumina (for example, an aluminum hydroxide -7; to 
which the artificer measured drawing 14 the porosity aluminium phosphate (a molecular sieve — ) which a boehmite. a 
Ds udo-boehmite. etc. and a phosphoric acid are made to react using the template agent (for example, an organic 
bas like tripropylamine) of thermal dissociation nature, and is obtained For example, it is the adsorption isothenn of 
th common name AlPO 4-5 in a union carbide company and a society, and the relative amount of adsorption (relative 
moisture content) which a horizontal axis makes the amount of adsorption at the time of 90% of humidity of each 
DESHIKANTO as relative humidity, and a vertical axis makes it a denominator, and defines the amount of adsorption 
as a molecule is shown. It turns out that the relative moisture content which the relative moisture content which 
balances reproduction air of 10% of relative humidity heated by 70 degrees C is 0.05. and balances processing air of 
50% of relative humidity fi^om this drawing is 0.81 . and the difference of adsorption and desorption is 0.76 and far 
xc eds the above 0.378 at the time of using the zeolite of the conventional example. Moreover, it is convex, and 
since a water vapor pressure cannot go up easily even if differential coefficient dP/dX which shows the ratio of 
variation deltaP of relative humidity to variation deltaX of the amount of adsorption and desorption is small and 
adsoribs moisture as aforementioned, the driving force of adsorption is maintained, and the curve applied to especially 
50% fi-om 20% of relative humidity can make a rate of adsorption high, and Is advantageous. Moreover, the heat of 
adsorption generated In case moisture is adsorbed is a book. If a heat of adsorption is low in 0.20 or more fields in th 
use of this invention. 20% or more, i.e., the relative moisture content of the maximum amount of adsorption, although a 
bird clapper is very greatly common when moisture content is extremely small. ^ ^ , ^ t i 

[0070] Thus, since It has the property that the processing temperature of heating dehydration can take the large 
diff rence of adsorption and desorption also by the low case, and a rate of adsorption can moreover b^ 
highly and DESHIKANTO of this example can perfonm many moisture processings in few DEbHIKAN I u in 
DESHIKANTO air-conditioning, it can be managed with a compact DESHIKANTO rotor, therefore can make an air 
conditioner compact Thus, by using as DESHIKANTO the porosity aluminium phosphate (the common name AlPO 4-5 
in a molecular sieve, for example, a union carbide company, and a society) which hydrated aluminas (for example, an 
aluminum hydroxide, a boehmite. a pseudo-boehmlte. etc.) and a phosphoric acid are made to react using the template 
ag nt (for example, an organic base like tripropylamine) of thermal dissociation nature, and is obtained, compared with 
th conventional xampi . th air conditioning effect is large, it xcels in n rgy saving, and a compact air conditioner 

[0071] pfaXlng 15 is the deslccant air condition r of th so-call d hybrid type which are other examples of this 
invention and combined a deslccant air c nditloner as shown in drawing 16 . and heat pump, and is a dehumidificati n 
air condition r charact rized by cooling th proc ssing air which candled out the heat exchange to th r pr duction air 
aft r water adsorption in th sourc of th low fev r of heat pump, and h ating th reproduction air b fore 
DESHIKANTO r production in th source of high temperatur of heat pump, and r producing DtSHIKAN I U. 
According to this kind of hybrid form deslccant air conditioner, an air conditioner [ ************ / still J can b 
offer d. With ref rence to a drawing, it explains below. nccuik'AMTn r t«r 

[0072] Th xampI of drawing 1 5 The processing air path A. th reproduction air path B. and th DESHIKANTO r tor 
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103 Tw sensible-heat exchangers 1 04.1 21 and th heater 220 by the source of high temp ratur f h at pump 
(condenser). Th c nd nsat r ( vaporator) 240 by the source of the low fev r and the compr ssor 260 of h at pump. 
Processing air is d humidified by th DESHIKANTO rot r 103 by using a humidifier 105 as th mam c nfiguration 
equipment After carrying ut the hat xchang t^Proc ssing air which earn d out the t m^ 
reproducti n air by the 1 st sensible-h at exchanger 104, cooling with th water adsorption heat of DESHIKANTO and 
cooling it with a condensat r 240 fiirth r. whil humidifying with a humidifier and supplying air-c nditioning spac 
Aft r taking in reproduction air fr m outer space (OA), carrying out a heat exchange to pr cessing air by the 
sensible-heat exchanger 104 of the above 1st. carrying but a heat exchange to the r production air after 
DESHIKANTO reproduction and carrying out a temperature nse by the 2nd sensible-heat exchanger 1Z1 further. Meat 
, by the heat of condensation of heat pump with a heater 220. and relative humidity is lowered. After passing the 
DESHIKANTO rotor 103. carrying out desorption reproduction of the moisture of the DESHIKANTO rotor 103 and 
carrying out a heat exchange to the reproduction air before heating the reproduction air after reproduction by the Znd 
s nsible-heat exchanger 121 further, it constitutes so that it may emit outside (EX). , , 

' t0073] Since it is only differing in that the cooling operation by the condensator 240 joined the conventional example 
of draw ing 16 about the operation, detailed explanation is omitted and explains the energy-saving effect bekw^ Here, 
suppose ^atwhat exchanged the convertibility cation between stratified silicate layers for the DESHIKANTO rotor 
103 by the polynuclear metal hydroxyl ion containing aluminum using the montmorillonite which has the sodium group 
in a convertibility cation as the same stratified silicate as the 1st example, earned out heating dehydration of this, and 
was made into the alumina bridge formation clay porous body is used. That is. the heat of adsorption of this 
DESHIKANTO is equal to the heat of condensation of water. , u * 

[0074] If as for the heat pump used for this kind of hybrid DESHIKANTO air-conditioning machine, an applicant heats 
reprodurtion air temperature to 70 degrees C using the method indicated as Japanese Patent Applicaton No. 
9-90242 15 degrees C will be needed, as for evaporating temperature, about 65 degrees C will be needed, as tor a 
cond nsrtion temperature, and a temperature lift will become 50 degrees C. Therefore. ^-^^ coefficient of perforrnance 
(COP) usually obtained is about 3.0. Therefore, if input energy of a compressor is set to 1 . the heat of 4 0 will be 
mitted In a heater 220. Since amount of heating deltaG' of S' of drawing 1 8 - T is deltaG -(40.77-32.1 5^ 
x0.24=2.069kcal/kg in the 1 st example of the above, with the condensator 240 of drawinR 15 . it is 

= 4 1 Kxs'i?/ 4^3 iTikcal [/kg ] cooling effect is acquired. The temperature of the processing air after cooling is 
Tm'-a/CD=32 15-3114/ 0.24= 1 9.1 8 degrees 0 (it is more than evaporating temperature). Therefore, the 
c mprehe^sive air conditioning effect is set to deltaQ'+q=2.069+3.11 4=5.1 83kcal/kg. On the o^er hand, since tiie 
driv energy of heat pump is W=delta GV(COP+1) =4.152 / 4= 1 .038kcal/kg. the synthesis COP of this air conditioner 
is set to COP= (deltaG +q) / W= 5.1 83 / 1 .038= 4.993. Usually, since COP of the air conditioner using the steaniy 
compression equation refrigerating cycle for general air-conditioning is about three, according to this example. 40» ot 

[OOT^fNeX'suMosVtha^ aluminium phosphate (the common name AlPO 4-5 in a molecular sieve, for 

xample. a union carbide company, and a society) which the 3rd same hydrated aluminas (for example, an aluminum 
hydroxide, a boehmite. a pseudo-boehmite, etc.) and same phosphoric acid as an example are made tlPi???* "^S"' 
t mplate agent (for example, an organic base like tripropylamine) <>^^^J^"^J'l^lf?9^^:^?p. HS, SthI h«at 

rot r 103, and is obtained is used. That is, the heat of adsorption of this DESHIKANTO is equal 1.05 times of the heat 
f condensation of water as aforementioned. . 

[0076] The method which these people indicated as Japanese Patent Application No 9-90242 is used for heat pump 
like a previous example. If reproduction air temperature is heated to 70 degrees C, 15 degrees C will be needed as for 
vaporating temperature, about 65 degrees C will be needed, as for a condensation temperature, and a temperature 
lift will become 50 degrees C. Therefore, the coefficient of performance (COP) usually obtained is about 3.0. 
Th refore, if input energy of a compressor is set to 1 , the heat of 4.0 will be emitted in a heater 220. 
[0077] the 3rd example of the above — setting — S of drawing 1 8 ~ 'amount of heating deltaG of -T 
d ltaG'=(Tg-Ts') xCp=(70-52.26) xO.24 since it is =4.258kcal/kg — condensator 240 of drawing 15 Q-delta 
G'xCOP/(COP+1) =4 258x3.0/4.0 =3.1 94kcal/kg The cooling effect is acquired. The temperature of the processing air 
aft r cooling is Tm'-q/Cp=32.29-3.1 94/0.24=1 8.98 *♦ (it is more than evaporating temperature). Therefore, the 
comprehensive air conditioning effect is set to deitaQ +q=2.035+3.194=5 229kcal/k& . , ^ , nRm..«i/u., 
[0078] On the other hand, since the drive energy of heat pump s W=delta G7(COP+1 ) =4.258 / 4- 1 .065kcal/^ Jhe 
synthesis COP of this air conditioner is set to COP= (deltaG +q) / W= 5.229 / 1 .065= 4.910. Usually, since COP of the 
air conditioner using the steamy compression equation refingerating cycle for general air-conditioning is about three, 

acc rding to this example. 39% of energy-saving effect is acquired. ^ . ^ , ,, . . , 

[0079] Next when the coefficient of perfbonance (COP) in the case of using the zeolite of a weh-known example 1 
f r DESHIKANTO is calculated, since it is delta[ from the 1 st example 3 t^^-jfj Jjcal/kg amount <>fheatmgde of 
S-T of drawing 18 is with the condensator 240 of drawing 15 . Q=delta GxCOP/(COP+ ) =4.747x3.0/4.0 - the 
3 560kcal [/kg ] cooling effect is acquired. Temperature of the processing air after cooling s t. * xu 

Tm-q/Cp=32 15+0 776-3 560/0.24 = it is 18.09 degrees C (it is more than evaporating temperature). Therefore, the 
c mprehensive air conditioning effect is set to deltaG+q=2.069-<).1 M+3 56^5^teal^ io7u.»i/lca th« 

[0080] On the other hand, since the drive energy of heat pump \^y^'^<^/^^9^^^r^^^l^C V l^Sfif.»£' 
synthesis COP of this air conditioner is set to COP= (deltaG'+q) / W= 5.443 / 1.187= 4.586. Therefore. aWiough 35% 
of energy-saving effect will be acquired to the air conditioner using the steamy compression equation refngerabng 
cycle for the conventional general air-conditioning in this case, it is lower than the eff ct of this invention, and. 
more ver. capacity n eds a large thing for heat pump. 

[Effect of the Invention] As xplain d above, according to this invention, th r is no deliqu sc no th maximum of 
th differ ntial heat of ads rptionbyl.1 or I ss times of the h at of cond "f^tion of wat r And whe^^ adsorption 
property sh wn by th adsorption isotherm constitutes an air condition r using DESHIKANTO which has a suitable 
isoth rmal adsorption property for the r product! n temp ratur which is 65-75 d gre s C th amount of h ating 
which th loss of the air conditioning ffctandth r production of reproduction air resulting ft-om a heat of 
adsorotion tak being reduced, and. since th diff r no which is the amount f water adsorption by the adsorption 
and d sorption of DESHIKANTO us s greatly An air conditioner can b comparatively dnven in the heat s urce of low 
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temperature compared with the f rmer. and it is large, and it is energy saving and the air conditioning effect can offer 
a c mpact dehumidification air condition r. 
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